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ABSTRACT 


In  1978  the  upper  Honey  Creek  watershed  of  the  Sandusky 
River  Basin  in  Ohio  became  part  of  a  national  demonstration 
area  for  agricultural  best  management  practices  (BMP's) , 
especially  no-tillage.  The  present  study  was  conducted  in 
conjunction  with  studies  of  stream  flow  and  sediment  and 
nutrient  loadings  in  the  Honey  Creek  drainage.  Baseline 
information  was  gathered  on  physical,  chemical,  and  biological 
parameters  which  might  later  reflect  the  effects  of  large-scale 
implementation  of  no-tillage  and  other  BMP's. 

The  study  measured  (1)  stream  community  structure  (algae, 
macrophytes,  macroinvertebrates,  and  fishes) ,  (2)  substrate 
types  and  distributions,  (3)  physical  and  chemical  water 
quality  (nutrients,  specific  conductance,  suspended  solids,  pH, 
and  fecal  bacteria) ,  and  (4)  nutrient  exports  from  the  town  of 
Tiro,  within  the  watershed. 

The  biological,  physical,  and  chemical  components  were 
measured  a  total  of  four  times  in  1979  and  1980  at  six  sampling 
stations  within  the  watershed.  Substrate  types  and 
distributions  were  measured  on  two  occasions  at  each  station. 


This  preliminary  study  indicated  (1)  large  spatial  and 
temporal  variability  of  stream  substrates  and  biological 
communities,  (2)  in  general,  "good"  stream  quality  at  all 
stations,  as  reflected  by  the  biological  components,  (3)  fecal 
contamination  at  all  stations,  (4)  an  observable  effect  of 
septic  tank  effluents  on  the  nutrient  and  bacteriological 
quality  of  the  stream  draining  Tiro.  Recommendations  are  made 
for  further  investigation  of  the  effects  of  changing 
agricultural  BMP's  on  the  in-stream  quality  of  the  Honey  Creek 
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INTRODUCTION 


In  agricultural  watersheds,  farming  practices  have  a  large 
impact  on  overall  stream  water  quality  from  the  standpoint  of 
sediment,  nutrient,  and  pesticide  loadings  to  the  streams 
(U.  S.  Army  Corps  of  Engineers,  1979;  International  Joint 
Commission,  1980).  Therefore,  changes  in  agricultural 
management  practices  have  a  direct  influence  on  stream  water 
quality.  In  the  Sandusky  Basin  {Figure  1),  especially  in  the 
tributary  watershed  of  Honey  Creek,  conservation  tillage 
measures,  including  no-tillage  and  minimum  tillage,  are  being 
implemented  on  a  large  scale.  In  1978,  as  part  of  the 
U.  S.  Army  Corps  of  Engineers'  Lake  Erie  Wastewater  Management 
Study  (LEWMS)  ,  the  Honey  Creek  Watershed  became  the  site  of  a 
national  demonstration  project  for  no-tillage  agriculture.  The 
watershed  was  also  selected  as  a  national  special  project  area 
for  the  Rural  Conservation  Program  (RCP)  supported  by  the 
Agricultural  Stabilization  and  Conservation  Service  (ASCS) . 
The  Soil  Conservation  Service,  three  county  Soil  and  Water 
Conservation  Districts,  and  the  county  ASCS  committees  are 
cooperating  in  these  programs.  Independently  and  through  these 
demonstration  projects,  conservation  tillage,  especially 
no-tillage,  is  being  adopted  by  an  increasing  proportion  of  the 
farmers  in  the  watershed  each  year. 

The  concept  of  no-tillage  agriculture  has  been  reviewed 
recently  (Giere  et  al.  1980,  Phillips  et  al.  1980,  Triplett  and 
van  Doren  1977).  The  major  advantages  of  no-tillage  are  (1) 
reduced  soil  erosion  caused  by  wind  and  water,  (2)  increased 
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acreage  available  for  row  crops  because  of  the  capability  of 
growing  these  crops  on  sloping  land  which  is  too  erodable  under 
conventional  tillage,  (3)  reduced  energy  requirements,  (4) 
improved  timing  of  planting  and  harvesting  because  no-tillage 
allows  these  activities  under  a  wider  range  of  soil  moisture 
conditions,  (5)  decreased  soil  water  evaporation  and  increased 
infiltration  of  water  into  the  soil,  and  (6)  smaller  investment 
in  machinery. 

Disadvantages  of  no-tillage  include  (1)  increased 
populations  of  insects,  rodents,  and  disease-producing 
organisms  because  of  a  more  favorable  habitat  provided  by 
no-tillage,  (2)  a  greater  management  ability  required  for 
successful  yields,  (3)  considerably  reduced  soil  temperatures 
during  spring  because  of  mulch  overlying  the  soil  surface, 
causing  delayed  planting  or  slower  plant  growth,  (4)  usually  an 
increase  in  the  application  of  herbicides  and  insecticides,  and 
(5)  increased  leaching  of  nitrate  from  poorly  drained  soils  as 
well  as  increased  denitrification  (Phillips  et  al.  1980). 

The  large-scale  conversion  to  no-tillage  agriculture  in 
the  Honey  Creek  watershed  may  include  all  of  the  above  benefits 
and  disadvantages.  Many  of  these  may  be  expected  to  have  an 
effect  on  the  water  quality  of  the  first,  second,  and  third 
order  streams  of  the  watershed,  as  well  as  on  the  Sandusky 
River  and  ultimately  Lake  Erie.  Reduced  erosion  would  be 
accompanied  by  a  reduced  sediment  load.  Concentrations  of 
pesticides  in  stream  water  may  either  decrease  or  increase, 
depending  on  the  pesticides  being  at- plied  and  the  relative 
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contribution  of  tile  drainage  systems  to  the  export  of  residual 
pesticides.  Phillips  et  al.  (1980)  reviewed  limited 
documentation  which  indicates  that  atrazine  and  simazine,  two 
widely  used  herbicides  in  the  Honey  Creek  watershed  which  do 
not  bind  tightly  to  soil  particles,  were  present  in  no  greater 
concentrations  in  surface  runoff  from  no-tilled  fields  than 
from  conventionally  tilled  fields,  and  that  some  pesticides  are 
degraded  more  rapidly  in  the  soil  under  no-tillage  conditions. 
However,  where  no-tillage  is  being  applied  on  soils  underlain 
by  extensive  tile  drainage  systems,  as  in  the  Honey  Creek 
watershed,  the  export  of  water  soluble  herbicides  such  as 
atrazine  may  be  measurably  greater  than  the  export  from 
conventionally  tilled  fields.  Under  present  management, 
atrazine  levels  observed  in  the  Sandusky  Basin  have  been  much 
higher  than  levels  previously  reported  in  the  midwestern 
U.S.  and  southern  Canada  (Setzler  1980,  Morley  1977,  Muir  and 
Baker  1976,  Richard  et  al.  1975).  The  herbicide  paraquat, 
which  is  often  used  in  conjunction  with  no-tillage,  binds 
tightly  to  soil  particles  (Pope  and  Benner  1974).  Although 
no-tillage  greatly  reduces  soil  erosion,  some  sediment-bound 
paraquat  might  be  expected  to  enter  stream  systems  draining 
no-tillage  fields  during  spring  storm  events. 

The  development  of  a  surface  mulch  layer  and  the 
accompanying  increase  in  the  infiltration  of  rainfall  and 
snowmelt  into  the  soil  may  enhance  stream  quality  by  causing  a 
more  uniform  stream  discharge  with  reduced  storm  hydrograph 
peaks.  In  turn,  greater  stability  of  stream  substrates  may 
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result . 


Accompanying  reduced  erosion,  stream  phosphorus  loadings 
would  be  expected  to  decrease  (u.  S.  Army  Corps  of  Engineers, 
1979;  International  Joint  Commission,  1980).  However,  stream 
nitrate  concentrations  may  increase,  as  the  result  of  increased 
leaching  (Phillips  et  al.  1980).  Compounding  the  question  of 
stream  nutrient  loadings  are  additional  sources  consisting  of 
septic  tanks  and  livestock  feedlots,  both  of  which  are 
distributed  throughout  the  Honey  Creek  watershed. 

As  an  integrated  effect  of  all  of  the  physical  and 
chemical  changes  in  the  Honey  Creek  watershed  accompanying 
no-tillage  agriculture,  the  structure  and  productivity  of  the 
biological  stream  community  may  change.  For  example,  a 
reduction  in  phosphorus  loadings  would  most  likely  cause  a 
change  in  community  structure  and  productivity;  an  increase  in 
stream  bottom  stability  would  increase  the  potential  for 
colonization  and  persistence  of  benthic  organisms,  which  would 
probably  result  in  greater  densities  of  organisms  accompanied 
by  greater  overall  productivity. 

In  order  to  be  able  later  to  identify  those  changes  in 
stream  quality  which  might  accompany  large-scale  conversion  to 
conservation  tillage  systems  in  the  Honey  Creek  watershed,  it 
is  important  to  obtain  an  understanding  of  the  water  quality  of 
the  watershed  under  present  agricultural  management,  which  is 
primarily  conventional  tillage.  Therefore,  the  purpose  of  this 
study  was  to  gather  baseline  information  for  a  number  of 
physical,  chemical,  and  biological  parameters  which  might  later 
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reflect  the  effects  of  large-scale  no-tillage  implementation. 
An  important  aspect  of  this  pilot  program  was  to  assess  the 
usefulness  of  each  of  the  parameters  selected  for  measuring 
future  water  quality  changes,  and  to  identify  those  parameters 
which  could  probably  be  most  successfully  applied  toward 
detecting  the  extent  of  those  changes.  The  parameters  included 
(l)  stream  community  structure,  (2)  substrate  types  and 
distributions,  (3)  physical  and  chemical  water  quality,  and  (4) 
nutrient  exports  from  the  town  of  Tiro. 


STUDY  AREA 


The  study  area  was  limited  to  the  upper  Honey  Creek 
drainage  (Figure  2),  which  is  a  focal  area  of  the  Honey  Creek 
demonstration  projects  and  hence  an  area  likely  in  the  future 
to  be  converted  more  extensively  to  no-tillage  agriculture. 
S*r  sampling  stations,  each  comprising  100  m  of  "typical" 
stream  reach,  were  selected  in  the  upper  Honey  Creek  watershed 
to  represent  the  mainstream  and  its  tributaries  (Figure  2). 
All  stream  reaches  flowed  continuously  throughout  the  year  of 
study,  and  therefore  may  be  considered  to  be  first-order 
streams  except  for  station  1,  which  was  third-order.  The 
streambed  within  each  stream  reach  consisted  primarily  of  sand 
and  silt,  although  stations  3  and  especially  4  had  some  stones 
and  boulders,  and  each  reach  except  station  5  contained  areas 
of  pools  and  riffles.  Stations  1,  2,  4,  and  f>  were  bordered  by 
trees  which  provided  a  partial  canopy  over  the  stream; 
stations  3  and  5  had  only  a  few  trees  along  their  banks,  which 
were  primarily  grassed.  Stations  1  through  4  were  located  in 
the  eastern,  morainal  portion  of  the  upper  Honey  Creek 
watershed,  while  stations  5  and  6  drained  the  western,  lake-bed 
portion  of  the  drainage.  Stations  3  and  4  were  selected  to 
determine  in  a  preliminary  manner  whether  Tiro  exerts  a 
detectable  influence  on  the  water  quality  of  the  first-order 
stream  flowing  past  it. 
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Klquro  i.  Thu  upper  Honoy  Croak  watershed  (modified  froai  U.8.C.S.  7.5  Minute 

scrim  naps.  Now  Washington  and  Shelby,  Ohio,  quadrangles).  Dm  ,i* 
at  roan  sunpllmi  stations  ara  numbered  with  bars  delimiting  the 
approximately  10<t  n  reaches .  The  New  Washington  gaging  station  is 
loo, .tod  m  the  .1, hit r ary  downstream  boundary  of  the  watershed. 
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MATERIALS  AND  METHODS 

Biological  Stream  Community  Investigations 

Per iphytic  Algae.  Qualitative  and  quantitative 
collections  of  periphytic  algae  were  made  from  natural 
substrates  on  four  dates  from  1  August  1979  through  23  June 
1980.  Qualitative  samples  were  collected  from  a  variety  of 
natural  substrates  and  composited,  while  quantitative  samples 
were  stripped  from  bottom  substrates  by  means  of  50  mm  diameter 
plastic  petrl  dishes  with  tight  fitting  lids.  All  samples  were 
transferred  into  sterile  poly  bags  and  immediately  preserved 
with  a  modified  Lugol's  iodine  solution  (Meyer  1971). 

Fine  particulate  matter (primarily  fine  clays),  which  often 
interferes  with  the  identification  of  the  specimens,  were 
decanted  from  the  samples  following  sedimentation.  Sample 
volumes  were  adjusted  to  provide  suitable  algal  densities  for 
enumeration  and  split  into  two  fractions.  One  fraction  was 
processed  according  to  Van  def  Vreff  (1937)  for  the 
confirmation  of  the  Bad  liar  iophyceae  (diatoms).  Aliquots  of 
the  remaining  fraction  were  sedimented  and  temporary  mounts 
were  prepared  for  the  analysis  of  all  algal  groups. 

Taxonomic  identification  and  enumeration  of  periphyton 
samples  were  performed  using  the  inverted  microscope  technique 
(Utermohl  1958,  Lund  1958)  using  a  transect  approach. 
Specimens  containing  a  protoplast  were  Identified  to  the  lowest 
possible  taxonomic  level  (usually  species)  with  the  aid  of  the 
following  references:  Butcher  1971;  Cleve-Euler  1951,  1952, 
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1953,  1955;  Huber-Pesta lozzi  1942;  Huestedt  1939;  Lowe  1975; 
Patrick  and  Reimer  1969,  1975;  Prescott  1973;  Tiffany  and 
Britton  1951;  and  Whitford  and  Schumaker  1973. 

Individual  algal  cells  were  the  reporting  unit  used  in  the 
periphyton  enumerations.  Colonial  or  filamentous  algae  were 
recorded  as  individuals  equivalent  to  the  total  number  of  cells 
within  that  algal  form.  Densities  were  expressed  as  cells  per 
square  millimeter.  Densities  were  calculated  based  on  the  area 
examined  containing  a  minimum  of  500  specimens  or  a  maximum  of 
20  ten  mm  strips.  Periphyton  densities  were  derived  from  the 
fol lowing : 

Density  (cells/ square  mm)  =  A  *  B 


C  *  (D/E)  *F 

where  A  =  Number  of  reporting  units  observed 

B  =  Total  area  of  the  counting  chamber  base  (square  mm) 
C  =  Area  of  counting  chamber  base  examined  (square  mm) 

D  =  Volume  of  sample  aliquot  (ml) 

E  *  Adjusted  sample  volume  (ml) 

F  *  Area  of  substrate  sampled  (square  mm) 


Macrophytes .  Macrophytes  were  defined  as  "aquatic  plants 
possessing  a  multicellular  structure  with  cells  differentiated 
into  specialized  tissues"  (Weber  1973).  Each  of  the  six 
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sampling  stations  was  observed  daring  each  sampling  event  for 
the  presence  and  location  of  macrophytes.  Representative 
specimens  were  collected,  and  Muenscher  (1959)  was  consulted 
for  identification. 

Macroinvertebrates .  A  qualitative  sample  of  the 
macroinvertebrates  was  obtained  at  each  station  each  sampling 
period.  Qualitative  methods  included  use  of  a  "kickscreen"  in 
reaches  with  a  moderate  to  swift  current  and  use  of  dipnets  in 
areas  of  debris,  slow  currents,  or  undercut  banks.  An  attempt 
was  made  to  expend  equal  effort  at  all  the  stations.  Organisms 
from  all  microhabitats  were  combined  into  a  single  sample  per 
station  and  were  preserved  in  a  solution  of  85  percent  ethanol, 
5  percent  glycerin,  10  percent  water  (AGW) . 

At  each  station  each  sampling  period,  two  quantitative 
samples  were  obtained,  one  from  each  of  the  two  predominant 
sedimentary  substrates,  where  at  least  two  sedimentary 
substrate  types  were  present.  A  Petersen  dredge  (area  0.0623 
sq.  m)  was  employed  for  the  first  sampling  period,  and  a  Ponar 
dredge  (area  0.0529  sq.  m)  was  used  thereafter.  The 
quantitative  samples  were  sieved  in  the  stream  through  a  No.  30 
mesh  screen,  and  the  residues  were  returned  to  the  laboratory 
in  AGW.  In  the  laboratory,  these  samples  were  stained  with 
Phloxine  B  and  the  invertebrates  were  hand-picked  from  the 
sediments  and  debris. 

The  organisms  were  Identified  to  the  lowest  taxon 
practical.  Because  of  the  very  large  numbers  of  oligochaetes 
and  mldgefly  larvae  obtained,  these  two  groups  were  not 
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identified  at  lower  taxonomic  levels.  For  some  samples,  a 
subsample  of  the  oligochnetes  was  counted,  and  the  number 
obtained  was  extrapolated  to  the  total  sample.  Sources 
consulted  for  identification  of  specimens  included  Harman  and 
Berg  (1971),  Hilsenhoff  (1975),  Hobbs  (1976),  Holsinger  (1976), 
Merritt  and  Cummins  (1978),  Pennak  (1978),  and  Williams  (1976). 
Analyses  of  variance  were  computed  using  the  statistical 
package  MINITAB  (Ryan  et  al.  1980). 

Fishes.  Upper  Honey  Creek  ^as  sampled  for  fishes  on  31 
August  and  8  November  1979,  and  2  April  and  2  May  1980.  As 
much  as  possible  of  the  sf  i  jam  i  eat-h  comprising  each  station 
was  sampled  with  a  4  ft  by  2  ft  minnow  seine  with  a  one-eighth 
inch  mesh,  Representative  specimens  of  each  species  were 
preserved  in  the  fielC  in  10  percent  formalin.  On  the  first 
two  sampling  dates,  the  specimens  were  placed  on  ice  and  later 
frozen  pending  identification  and  possible  future  pesticide 
analysis.  Because  this  resulted  in  physical  deterioration  of 
the  specimens  and  consequent  difficulty  in  identification, 
these  specimens  were  also  placed  in  formalin.  Prior  to 
identification,  the  specimens  were  transferred  to  AGW. 
Trautman  (1957)  was  the  primary  source  for  identification. 

Substrates 

During  the  fall  samplinq  period,  sketch  maps  were 
prepared,  indicating  the  general  distribution  of  substrate 
patches  of  obviously  different  grain  size,  such  as  sand  and 
gravel  bars,  silt  beds,  and  non-depositional  areas,  usually 
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glacial  till. 

At  each  station,  four  quantitative  samples  were  taken  by 
forcing  a  plastic  sample  jar  into  the  substrate  to  a  depth  of 
about  9  cm.  The  spot  where  each  sample  was  taken  was  marked  on 
the  sketch  map  to  permit  sampling  nearly  the  same  spot  in  the 
spring . 

During  the  late  spring  (May)  sampling  period,  the  fall 
sketch  maps  were  compared  with  the  localities  to  determine  if 
there  had  been  major  shifts  in  the  distribution  of  the 
substrate  patches.  Samples  were  taken  as  close  to  the  location 
of  the  fall  samples  as  possible.  This  sampling  scheme  produced 
24  pairs  of  samples  for  grain  size  analysis. 

Samples  were  dried  in  shallow  containers  at  air 
temperature,  disaggregated  if  necessary  by  gentle  pressure  from 
a  rubber  stopper,  and  weighed  on  a  triple  beam  balance  to 
determine  total  weight  to  the  nearest  gram.  Most  samples 
weighed  between  200  and  800  grams. 

Samples  were  then  sieved  for  ten  minutes,  using  a  Ro-tap 
shaker  and  U.S.  Standard  Sieves.  The  sieve  sizes  used  are 
shown  in  Table  1.  After  sieving,  the  fractions  were  examined 
for  aggregates  of  finer  particles,  and  any  fractions  which 
showed  more  than  25  percent  aggregated  grains  were  further 
disaggregated  with  a  rubber  stopper,  and  the  sample  was 
re-sieved.  The  fraction  retained  by  the  seven  screens,  plus 
the  fines  that  passed  the  finest  (4  phi)  screen,  were  weighed 
on  a  digital  Mettler  balance  to  the  nearest  0.1  gram,  and  the 
fraction  weights  recorded  on  data  sheets.  These  procedures  are 
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Table  1.  Mesh  sizes  of  sieves  used  for  grain  size  analysis  of  sediments 


U.S.  Standard 

Sieve  Mesh  Number 

Millimeters 

* 

Phi  Units 

Wentworth  Size  Class 
of  Fraction  Retained 

5 

4 

-2 

Pebble 

10 

2 

-1 

Granule 

18 

1 

0 

Very  Coarse  Sand 

35 

.5 

1 

Coarse  Sand 

60 

.25 

2 

Medium  Sand 

120 

.125 

3 

Fine  Sand 

230 

.0625 

4 

Very  Fine  Sand 

(pan) 

< .0625 

>  4 

Silt  and  Clay 

* 

The  phi  unit  is 

the  negative  of 

the  log,  base  2, 

of  the  size  in 

millimeters. 
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modified  slightly  from  Folk  (1968) 


Ambient  Water  Quality 

Racter iology.  A  water  grab  sample  for  determination  of 
fecal  coliform  and  fecal  streptococcal  bacteria  was  obtained  at 
each  station  each  sampling  period  by  submersing  a  sterile  BOD 
bottle  with  the  mouth  directed  into  the  current.  Samples  were 
also  obtained  by  this  method  weekly  or  at  longer  intervals  at 
the  Melmore  and  New  Washington  gaging  stations  on  Honey  Creek 
(Figure  1).  Samples  were  immediately  placed  in  ice  and  were 
returned  to  the  laboratory,  where  they  were  processed  within 
six  hours.  The  samples  were  processed,  plated,  and  counted  in 
accordance  with  the  methods  prescribed  in  American  Public 
Health  Assoc.  (1975)  (Standard  Methods,  14th  Ed.)  and  Bordner 
et  al.  (1978).  Representative  colonies  of  the  fecal 
streptococci  from  water  samples  collected  at  all  eight 
locations  on  1  August  and  ?.  November  1979  were  subjected  to 
verification  testing  following  Standard  Methods.  All  colonies 
tested  positive  as  fecal  streptococci. 

Chemical  Parameters .  The  chemical  quality  of  the  water  at 
the  six  upper  Honey  Creek  stations  and  the  two  gaging  stations 
was  determined  on  grab  samples  collected  in  1-L  plastic  bottles 
on  1  August  and  2  November  1979,  and  26  March  and  14  July  1980. 
The  parameters  measured  and  the  methods  employed  were  as 
described  below. 
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SUSPENDED  SOLIDS  (Residue  Non-Fi lterable) 


The  sample  is  filtered  through  a  pre-weighed  glass 
fiber  filter  and  the  residue  retained  on  the  filter  is  dried  to 
a  constant  weight  at  101  -  105  C  as  described  in  Method  160.2 
in  Methods  for  Chemical  Analysis  of  Water  and  Wastes, 
U.S.  Environmental  Protection  Agency,  National  Environmental 
Research  Center,  Cincinatti,  Ohio,  1979  (hereinafter  referred 
to  as  EPA-600/4-79-020) ,  pages  160.2-1  -  160.2-3. 

SPECIFIC  CONDUCTANCE 

Specific  conductance  is  measured  using  a  Water  Quality 
Laboratory  conductivity  meter  (product  of  WQL)  and  a  YSI  Cell. 
Samples  are  run  at  25  C.  This  is  in  accordance  with  Method 

120.1  in  EPA-600/4-79-020,  page  120.1-1. 

pH 

pH  measurements  are  determined  using  a  glass 
combination  electrode  with  an  Orion  701  digital  pH  meter.  The 
samples  are  run  at  25  C  following  the  guidelines  for  Method 

160.1  in  EPA-600/4-79-020,  page  150.1-1. 

DISSOLVED  ORTHOPHOSPHORUS  (Modified  Colorimetric 
Ascorbic) 

For  dissolved  orthophosphorus  the  sample  is  filtered 
through  a  washed  0.45  micron  pore  size  membrane  filter. 
Automated  colorimetric  analysis  follows  using  Method  365.1  from 
EPA-600/4-79-020,  pages  365.1-1  -  365.1-9.  The  analysis  is 
modified  in  that  the  method  calls  for  a  single  mixed  reagent. 
Instead,  the  ascorbic  acid  is  used  as  a  separate  reagent  and 
added  directly  to  the  analytical  cartridge.  This  is  done  in 
order  to  increase  shelf  life  of  the  reagent.  The  mixed  reagent 
has  a  shelf  life  of  about  four  hours  while  the  shelf  life  of 
the  separate  reagents  is  at  least  30  days.  Distilled  water  is 
not  used  in  the  cartridge  and  the  sample  line  size  is  doubled 
to  improve  sensitivity. 

AMMONIA  NITROGEN  (Colorimetric  Automated  Phenate) 

The  sample  is  filtered  through  a  0.45  micron  pore  size 
membrane  filter  and  analyzed  using  Method  350.1  from 
EPA-600/4-79-020,  pages  360.1-1  -  350.1-6. 

NITRATE  AND  NITRITE  NITROGEN  (Automated  Cadmium 
Reduct  ion) 

Prior  to  analysis  by  cadmium  reduction  from  Method 

153.2  from  EPA-600/4-79-020,  pages  353.2-1  -  353.2-7,  the 

samples  are  filtered  through  a  O.45  micron  pore  size  membrane 
filter. 
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DISSOLVED  SILICA 


Samples  are  filtered  prior  to  analysis  through  a  0.45 
micron  pore  size  membrane  filter  and  analyzed  color imetrically 
using  Technicon  Industrial  Method  105-71W  from  Technicon 
Industrial  Systems  Tarrytown,  New  York,  February  1973. 

TOTAL  PHOSPHORUS 

The  sample  undergoes  a  manual  digestion  using  11  N 
sulfuric  acid  and  ammonium  persulfate.  If  high  turbidity  is 
present  after  digestion  the  samples  are  filtered  through  a 
glass  fiber  filter  and  then  analyzed  using  Method  365.1  from 
EPA-600/4-79-020 ,  pages  365.1-1  -  365.1-9. 


Phosphorus  Loading  from  Tiro 

The  effect  of  phosphorus  from  septic  tank  effluents  in  the 
town  of  Tiro  on  stream  phosphorus  loading  was  measured  on  three 
occasions.  These  measurements  were  taken  on  12  February,  27 
February,  and  23  April  1980.  Stream  flows  were  measured  using 
a  dye  dilution  technique  (Water  Research  Association  1970) . 
Water  samples  were  collected  at  stations  3  and  4  and  analyzed 
using  the  methods  described  above. 
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RESULTS 


Biological  Stream  Community  Investigations 

Per iphytic  Algae.  Algal  taxa,  densities,  and  percent 
occurrence  from  samples  collected  from  upper  Honey  Creek,  1 
August  1979  through  23  June  1980,  are  presented  in  Appendix 
Tables  A. 1  and  A. 2.  Table  A. 3  is  a  cumulative  list  of  all 
algal  taxa  identified  during  the  study.  (The  appendix  is 
available  on  request.) 

Periphyton  Abundance 

Periphyton  densities  were  highest  in  fall  and  lowest  in 
early  summer  (Figure  3,  Tables  2  through  5  ).  Densities  ranged 
from  223  cells  /  square  millimeter  (station  6)  in  the  early 
summer  of  1980  to  a  maximum  of  130566  cells  /  sq  mm  (station  2) 
in  the  fall  of  1979.  Low  densities  in  the  early  summer  of  1980 
were  preceded  by  heavy  precipitation  over  the  sampling  area, 
whereas  highest  densities  were  recorded  from  a  period  of  low 
flow  cond i t ions . 

Spatial  as  well  as  temporal  differences  in  periphyton 
density  were  noted  throughout  the  study.  Densities  from 
samples  collected  at  stations  5  and  6  were  generally  much  lower 
than  those  located  further  downstream.  The  stream  reach  along 
station  6  was  covered  by  dense  canopy  on  all  collection  dates. 
The  stream  channel  and  banks  at  station  5  were  altered  by  a 
construction  project  midway  through  the  study.  Samples 
collected  at  stations  3  and  4,  designed  to  detect  input  from 
the  village  of  Tiro,  Ohio  (Figure  2  ),  indicated  elevated 
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figure  3. 
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Table  2.  PERIPHYTON  DENSITY  AND  PERCENT  ABUNDANCE  FROM  SAMPLES 
COLLECTED  FROM  UPPER  HONEY  CREEK  NEAR  TIRO,  OHIO, 

1  August  1979 


Taxon 

Location 

Density 
(Cells/Sq.  mm) 

Percent 

Abundance 

Number 
of  Taxa 

BAC ILLARIOPH YTA 

1 

7444 

100.00 

35 

CENTRAI.ES 

157 

2.11 

2 

pennai.es 

7287 

97.89 

39 

TOTAL  PERIPHYTON 

7444 

100.00 

35 

BACILLARIOPHYTA 

2 

6703 

100.00 

41 

CENTRALES 

48 

0.72 

2 

PENN ALES 

6655 

99.28 

39 

TOTAL  PERIPHYTON 

6703 

100.00 

41 

BACILLARIOPHYTA 

3 

11563 

100.00 

34 

CENTRALES 

1926 

16.66 

4 

PENNALES 

9637 

83.34 

30 

TOTAL  PERIPHYTON 

11563 

100.00 

34 

BACILLARIOPHYTA 

4 

8650 

100.00 

20 

CENTRALES 

— 

— 

PEANNALES 

8650 

100.00 

20 

TOTAL  PERIPHYTON 

8650 

100.00 

20 

BAC  II JJVRIOPHYTA 

5 

5375 

100.00 

29 

CENTRALES 

825 

15.35 

3 

PENNALES 

4550 

84.65 

26 

TOTAL  PERIPHYTON 

5375 

100.00 

29 

BACILLARIOPHYTA 

6 

1180 

100.00 

38 

centrai.es 

24 

2.03 

4 

PENNALES 

1156 

97.67 

34 

TOTAL  PERIPHYTON 

1180 

100.00 

38 

20 
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Table  3 


PERIPHYTON  DENSITY  AND  PERCENT  ABUNDANCE  FROM  SAMPLES 
COLLECTED  FROM  UPPER  HONEY  CREEK  NEAR  TIRO,  OHIO, 

16  November  1979 


Taxon 

Location 

Density 
(Cells/Sq.  mm) 

Percent 

Abundance 

Number 
of  Taxa 

BAC ILLARIOPHYTA 

1 

17498 

100.00 

33 

CENTRALES 

2130 

12.17 

4 

PENNALES 

15368 

87.63 

29 

TOTAL  PERIPHYTON 

17498 

100.00 

33 

BAC ILLARIOPHYTA 

2 

130566 

100.00 

34 

CENTRALES 

4512 

3.46 

2 

PENNALES 

126054 

96.54 

32 

TOTAL  PERIPHYTON 

130566 

100.00 

34 

BAC ILLARIOPHYTA 

3 

52560 

100.00 

26 

CENTRALES 

9357 

17.80 

2 

PENNALES 

43203 

82.20 

24 

TOTAL  PERIPHYTON 

52560 

100.00 

26 

BAC ILLARIOPHYTA 

4 

25378 

100.00 

28 

CENTRALES 

280 

1.13 

2 

PENNALES 

25090 

98.87 

26 

TOTAL  PERIPHYTON 

25378 

100.00 

28 

BAC ILLARIOPHYTA 

6 

3060 

100.00 

35 

CENTRALES 

43 

1.41 

2 

PENNALES 

3017 

98.59 

33 

TOTAL  PERIPHYTON 

3060 

100.00 

35 
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Table  4.  PERIPHYTON  DENSITY  AND  PERCENT  ABUNDANCE  FROM  SAMPLES 
COLLECTED  FROM  UPPER  HONEY  CREEK  NEAR  TIRO,  OHIO, 

22  April  1980 


Taxon 

Location 

Density 
(Cells/Sq.  nun) 

Percent 

Abundance 

Number 
of  Taxa 

BACILLARIOPHYTA 

1 

6700 

100.00 

14 

CENTRALES 

— 

— 

PENNALES 

6700 

100.00 

14 

TOTAL  PERIPHYTON 

6700 

100.00 

14 

BAC ILLARIOPHYTA 

2 

5551 

98.90 

29 

CENTRALES 

21 

0.37 

1 

PENNALES 

5530 

98.52 

28 

CHLOROPHYTA 

41 

0.73 

1 

EUSLENOPHYTA 

21 

0.37 

1 

TOTAL  PERIPHYTON 

5613 

100.00 

31 

BACILLARIOPHYTA 

3 

4165 

95.07 

12 

CENTRALES 

---- 

— 

PENNALES 

4165 

95.07 

12 

CRYPTOPHYTA 

216 

4.93 

1 

TOTAL  PERIPHYTON 

4381 

100.00 

13 

BACILLARIOPHYTA 

4 

34010 

97.18 

28 

CENTRALES 

246 

0.70 

1 

PENNALES 

33764 

96.48 

27 

CRYPTOPHYTA 

986 

2.82 

1 

TOTAL  PERIPHYTON 

34750 

100.00 

29 

BACILLARIOPHYTA 

5 

1213 

100.00 

31 

CENTRALES 

47 

3.87 

2 

PENNALES 

1166 

96.13 

29 

TOTAL  PERIPHYTON 

1213 

100.00 

31 

BACILLARIOPHYTA 

6 

302 

100.00 

21 

CENTRALES 

— 

— 

PENNALES 

302 

100.00 

21 

TOTAL  PERIPHYTON 

302 

100.00 

21 

22 
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PERIPHYTON  DENSITY  AND  PERCENT  ABUNDANCE  FROM  SAMPLES 
COLLECTED  FROM  UPPER  HONEY  CREEK  NEAR  TIRO,  OHIO, 

23  Jline  1980 


Taxon 

Location 

Density 
(Cells/Sq.  ran) 

Percent 

Abundance 

Number 
of  Taxa 

BACILLARIOPHYTA 

1 

378 

100.00 

24 

CENTRALES 

15 

3.97 

1 

PENNALES 

363 

96.03 

23 

TOTAL  PERIPHYTON 

378 

100.00 

24 

BACILLARIOPHYTA 

2 

3323 

100.00 

31 

CENTRALES 

26 

0.78 

1 

PENNALES 

3297 

99.28 

30 

TOTAL  PERIPHYTON 

3323 

100.00 

31 

BACILLARIOPHYTA 

3 

662 

100.00 

31 

CENTRALES 

6 

0.91 

1 

PENNALES 

656 

99.09 

30 

TOTAL  PERIPHYTON 

662 

100.00 

31 

BACILLARIOPHYTA 

4 

1004 

100.00 

30 

CENTRALES 

5 

0.50 

1 

PENNALES 

999 

99.50 

29 

TOTAL  PERIPHYTON 

1004 

100.00 

30 

BAC ILLARIOPHYTA 

5 

882 

100.00 

34 

CENTRALES 

17 

1.93 

2 

PENNALES 

865 

98.07 

32 

TOTAL  PERIPHYTON 

882 

100.00 

34 

BACILLARIOPHYTA 

6 

223 

100.00 

28 

CENTRALES 

4 

1.79 

2 

PENNALES 

219 

98.21 

26 

TOTAL  PERIPHYTON 

223 

100,00 

28 

23 
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standing  crops  on  some  collection  dates.  The  sharpest 
differences  were  noted  during  the  fall  low  stream  flow 
conditions.  However,  on  remaining  collection  dates,  impact  of 
any  input  was  not  discernible.  Densities  recorded  during  the 
spring  of  1980  indicated  higher  densities  upstream  of  the 
village.  Although  the  variation  in  the  periphyton  standing 
crop  in  this  segment  of  the  upper  Honey  Creek  sub-basin 
apparently  precluded  the  evaluation  of  input  from  the  village 
of  Tiro,  Ohio,  the  values  demonstrate  the  potential  for  algal 
development  within  the  low  order  streams. 

Periphyton  Composition  and  Principal  Taxa 

Five  algal  divisions,  representing  120  taxa,  were 
encountered  during  the  study.  These  included  Baci liar iophyta 
(diatoms) ,  Chlorophyta  (green  algae) ,  Cryptophyta 
(cryptophytes) ,  Cyanophyta  (blue-green  algae) ,  and  Eulenophyta 
(euglenoids) . 

A  total  of  108  diatom  taxa  were  identified  from  the 
quantitative  and  qualitative  samples.  Other  taxa  included 
eight  greens,  two  cryptophytes,  four  blue-greens,  and  two 
euglenoids.  A  total  of  90  taxa  were  recorded  from  quantitative 
samples  while  108  taxa  were  identified  in  qualitative  samples. 
Of  these,  78  taxa  were  common  to  both  types  of  samples. 

Diatoms  dominated  the  periphytic  communities  of  all 
sampling  locations  on  all  collection  dates.  No  other  algal 
division  comprised  more  than  five  percent  of  the  stream  bottom 
periphyton  communities  at  any  time.  Table  6  contains  those 
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taxa  comprising  ten  percent  or  more  the  standing  crop  at  a 
given  station  during  the  study.  All  principal  taxa  were 
diatoms.  The  following  discussion  describes  the  occurrence  and 
distribution  of  the  principal  taxa  along  with  their  ecological 
implications . 


Cyclotella  meneghiniana 

This  centric  diatom  was  found  throughout  the  sub-basin, 
but  was  most  abundant  in  later  summer  and  fall  at  the  upstream 
stations.  C.  meneghiniana  has  been  found  throughout  the 
Sandusky  River  Basin  (Lowe  and  Kline  1975,  Kline  and  Lowe  1975, 
Pryfogle  1975,  and  Stevenson  1975)  and  Ohio  (Collins  and 
Kolinsky  1977).  This  form  is  widely  distributed  in  nature  and 
apparently  prefers  nitrogen- r ich  waters  and  high  conductivity 
(Lowe  1974).  Its  restricted  occurrence  within  the  study  area 
implies  some  type  of  input  at  or  below  the  village  of  Tiro. 

Achnanthes  Lanceolate  var.  dubia 

This  pennate  diatom  was  found  at  nearly  every  location  on 
all  collection  dates.  This  taxon  apparently  *  requires  well 
aereated  flowing  waters  and  is  never  abundant  under  conditions 
of  heavy  organic  enrichment  (Lowe  1974).  A.  lanceolata 
var.  dubia  has  been  recorded  throughout  the  Sandusky  River 
Basin  (Collins  and  Kolinsky  1977).  The  taxon  was  numerically 
abundant  above  and  below  the  village  of  Tiro  with  the 
occurrence  of  other  taxa  which  are  indicative  of  nutrient 
enrichment . 

Achnanthes  minutissima 

~  This  taxon  was  widely  distributed  throughout  the 
sub-basin,  but  was  numerically  important  only  at  those  stations 
where  the  periphyton  standing  crops  were  low.  It  is 
cosmopolitan  in  distribution,  being  indifferent  to  a  wide  range 
of  environmental  conditions,  but  is  the  best  indicator  of  high 
oxygen  concentrations  in  alkaline  waters  (Lowe  1974). 

Dlplonels  elllptica 

This  taxon  was  generally  restricted  to  the  vicinity  of  the 
village  of  Tiro,  Ohio.  During  late  summer,  D.  elliptica  was 
the  dominant  algal  form  at  station  4  upstream  from  Tiro'  (6964 
cells/sq  mm) .  The  occurrence  of  this  taxon  in  Ohio  has  been 
rare,  having  been  reported  prior  to  this  study  only  in 
Champaigne  County  (Collins  and  Kolinsky  1977).  It  is,  however, 
considered  to  be  cosmopolitan  in  distribution,  and  generally 
indicative  of  good  water  quality  (Lowe  1974). 
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•nee  of  principal  algal  taxa  identified  in  quantitative  laeple*  collected  fro m  tipper  Honey  Creak  near  Tiro,  Ohio, 
•t,  1379  through  23  June,  I960. 


Gomphonema  parvulum 

This  taxon  was  widely  distributed  throughout  the  study 
area  and  period.  Maximum  abundance  was  recorded  upstream  from 
the  village  of  Tiro  in  early  summer  (2835  cells/sq  mm).  This 
species  is  considered  to  be  a  cosmopolitan  species  and  may  be 
an  indicator  of  pollution  (Lowe  1974). 

Navicula  cryptocephela 

fhfs  pennate  diatom  was  a  principal  taxon  at  most  stations 
on  all  collection  dates.  It  is  a  cosmopolitan  species  which  is 
found  over  a  wide  range  of  nutrient  and  temperature  conditions 
(Lowe  1974).  Maximum  abundance  of  this  taxon  was  recorded  in 
fall  both  above  and  below  the  village  of  Tiro. 

Navicula  cryptocephela  var.  veneta 

This  taxon  was  widely  distributed  throughout  the  study 
area  and  period.  Maximum  densities  of  N.  cryptocephela 
var.  veneta  were  observed  from  sampling  stations  downstream 
from  the  village  of  Tiro.  It  is  considered  to  be  a  eutrophic 
form  (Lowe  1977).  It  has  been  recorded  from  points  throughout 
the  Sandusky  River  Drainage  Basin  and  Ohio  (Collins  and 
Kolinsky  1977)  . 

Navicula  Lanceolata 

This  taxon  was  generally  distributed  throughout  the  study 
area  on  most  dates.  It  was  recorded  in  highest  abundance  in 
fall  from  the  village  of  Tiro  and  downstream.  It  is  a 
cosmopolitan  species,  apparently  prefers  water  of  high  mineral 
content,  and  is  considered  to  be  a  eutrophic  form  (Lowe  1974). 
It  has  been  reported  (Collins  and  Kolinsky  1977)  as  widely 
distributed  throughout  Ohio. 

Navicula  vlr idula 

Th is  taxon  was  found  at  every  station  on  all  collection 
dates.  Maximum  occurrence  of  Nav icula  vlr idula  was  noted  at 
Station  4  above  Tiro  in  spring.  Tt  Is  a  cosmopolitan  species 
and  considered  to  be  indicative  of  eutrophic  conditions  (Lowe 
1974).  It  has  been  reported  to  be  distributed  throughout  the 
Sandusky  River  Basin  and  Ohio  (Collins  and  Kolinsky  1977). 

N1 tzschla  f lllformls 

”  This  taxon  was  recorded  only  from  later  summer  and  fall 
collections.  It  was  abundant  only  at  stations  1  and  2,  ranging 
up  to  2820  cells/sq  mm.  This  taxon,  like  many  species  of 
Nl tzschla ,  is  not  fully  autotrophic  (Lowe  1974),  and  is 
probably  cosmopol itan  in  distribution. 

Nl tzschla  linearis 

”*  Although  N.  linearis  was  found  at  all  locations  on  every 
collection  date,  maximum  densities  of  this  taxon  were  recorded 
from  stations  1  through  4  in  fall.  It  is  a  truly  autotrophic 
species,  cosmopolitan  in  distribution,  but  restricted  to 
oxygen-rich  water  (Lowe  1974). 
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Ni tzschia  recta 

Although  it  was  generally  distributed  throughout  the  study 
area,  N.  recta  was  extremely  abundant  (37788  cells/sq  mm)  at 
station  7  Tn  fall.  it  has  been  reported  to  be  widely 
distributed  throughout  the  Sandusky  River  Basin  and  Ohio 
(Collins  and  Kolinsky  1977).  The  ecological  significance  of 
this  taxon  is  not  well  defined. 

Ni tzschia  palea 

This  taxon  was  widely  distributed  throughout  the  study 
area.  Maximum  abundance  of  N.  palea  was  recorded  from  station 
2  in  fall.  This  pennate  form  1 s  considered  to  be  a  good 
indication  of  pollution  (Palmer  1969)  and  can  withstand  a  wide 
range  of  ecological  conditions  (Lowe  1974). 

Nitzschia  siqmoidea 

N.  slgmoidea  is  another  cosmopolitan,  eutrophic  form  (Lowe 
1974)  which  was  abundant  only  in  fall.  Maximum  density  of  this 
taxon  was  noted  at  station  7  (8460  cells/sq  mm) .  Distribution 
of  this  taxon  was,  however,  patchy  within  the  study  area. 

Surirella  ovata 

S.  ovata  was  widely  distributed  throughout  the  study  area 
on  alT  collection  dates.  it  became  numerically  important  when 
total  periphyton  densities  were  low.  This  benthic  form  is 
common  in  winter  months  in  the  Sandusky  River  Basin,  and  is 
widely  distributed  throughout  Ohio  (Collins  and  Kolinsky  1977). 
It  apparently  can  withstand  a  wide  range  of  environmental 
conditions  (Lowe  1974). 

The  majority  of  the  principal  taxa  identifed  during  this 
study  are  cosmopolitan  in  distribution  since  they  are  able  to 
develop  under  a  wide  range  of  chemical  and  physical  conditions. 
Although  some  of  the  principal  taxa  identified  in  this  study 
are  considered  to  be  indicators  of  pollution,  their  presence 
does  not  imply  poor  water  quality  within  the  study  area.  A 
review  of  the  chemical  data  collected  during  the  study  period 
as  well  as  the  periphyton  composition  does,  however,  suggest 
nutrient  enrichment.  This  situation  is  typical  of  streams 
receiving  agricultural  runoff.  The  periphyton  standing  crop 
values,  along  with  field  observations  during  the  study  period, 
suggest  that  the  development  of  algae  within  this  watershed  is 
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not  excessive.  Apparently  the  nature  of  the  substrates, 
moderate  stream  gradients,  and  frequent  runoff  events  preclude 
high  algal  densities.  Observations  of  periphyton  communities 
in  other  streams  receiving  agricultural  input,  particularly 
those  with  very  little  gradient  (drainage  ditches)  often  show 
excessive  algal  mats  developing  under  similar  nutrient 
conditions. 

Macrophytes .  Aquatic  macrophytes  were  found  only  during 
the  August  sampling  period,  and  only  at  stations  2,  3,  and  5. 
One  or  two  specimens  of  Potamogeton  sp.  (pondweed)  were  present 
at  stations  2  and  3,  in  areas  where  the  current  was  sluggish. 
Several  scattered  individuals  of  Potamogeton,  Polygonum 
amphiblum,  and  Misma  sp.  (water-plantain)  were  present  in 
areas  with  moderate  current  along  the  entire  sampling  reach 
comprising  station  5.  Typha  sp.  (cat-tail)  was  restricted  to  a 
small  riparian  area  just  below  station  5  at  the  downstream  side 
of  the  bridge. 

Macro Invertebrates .  Table  7  lists  the  94  invertebrate 
taxa  identified  from  upper  Honey  Creek,  and  shows  at  which 
stations  and  seasons  each  was  found.  Many  genera  and  species 
of  aquatic  oligochaetes  and  midgefly  larvae  were  present  but 
were  not  identified  due  to  the  large  numbers  present. 

Table  7  confirms  the  need  to  collect  invertebrate  samples 
from  all  stream  substrate  types  in  order  to  obtain  as  many  of 
the  taxa  present  as  possible.  The  qualitative  samples 
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generally  were  obtained  from  coarse  substrates  such  as  gravel 
and  pebbles,  and  from  substrate  surfaces.  These  samples 
yielded  73  taxa.  The  quantitative  samples  were  obtained  from 
fine  substrates  such  as  sand  and  clay,  and  revealed  57  taxa. 
Of  the  total  of  94  taxa,  the  qualitative  and  quantitative 
samples  shared  only  36  taxa. 

Sorensen's  Index  of  Similarity  between  communities  (Pielou 
1977)  was  computed  based  on  the  presence  or  absence  of  the  taxa 
shown  in  Table  7.  This  index  varies  from  1.0  (communities 
identical)  to  0.0  (communities  share  no  taxa).  The 
computations  excluded  Turbellaria  and  the  separate  crayfish 
species  because  they  were  probably  present  at  all  sampling 
stations  but  not  adequately  sampled  by  the  methods  employed. 
Also  excluded  were  chironomid  pupae  and  "Plecoptera" ,  which 
consisted  of  stoneflies  that  were  too  damaged  for  further 
identification.  Adult  and  larval  beetles  were  included  as 
separate  taxa  because  they  occupy  distinctly  different 
microhabitats  and  ecological  niches. 

Table  8  shows  the  values  of  Sorensen's  Index  for  each  pair 
of  sampling  stations  in  upper  Honey  Creek,  based  on  both 
qualitative  and  quantitative  samples.  These  values  indicate 
that,  on  the  basis  of  the  invertebrates  found,  station  1,  which 
was  the  highest  order  stream  reach,  was  relatively  dissimilar 
to  the  other  stations  except  station  6.  Stations  1  and  6 
possessed  the  second  highest  similarity  found.  Station  6 
showed  a  relatively  high  similarity  to  all  of  the  other 
stations.  Stations  3  and  4,  which  were  reaches  of  the  same 
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8.  Values  of  Sorensen's  Index  of  community  similarity  between 
pairs  of  stations  in  the  upper  Honey  Creek  watershed,  based 
on  invertebrate  taxa  found  during  four  sampling  periods  in 
1979-1980.  The  index  values  were  computed  as  SI  =  2a/ 

(2a  *  b  +  c) ,  where  a  =  taxa  shared  by  stations  i  and  j, 
b  =  taxa  present  only  at  station  i,  c  =  taxa  present  only 
at  station  j  (Pielou  1977) . 
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tributary  about  one  km  apart,  possessed  the  highest  similarity, 
despite  any  possible  effects  of  the  village  of  Tiro  between 
them.  All  other  pairwise  comparisons  were  between  different 
tributaries,  which  may  account  for  their  lower  similarities. 

The  quantitative  samples  disclosed  a  large  variation 
within  stream  reaches  in  the  density  and  diversity  of  benthic 
invertebrates,  in  some  instances,  almost  six  times  as  many 
organisms  were  present  in  one  grab  sample  as  in  the  other  taken 
on  the  same  date  at  a  given  station  (Tables  9  through  12). 
Much  of  this  variation  was  undoubtedly  due  to  the  heterogeneous 
distributions  of  grain  sizes  in  the  substrates,  as  discussed  in 
a  following  section.  Because  of  this  type  of  variation,  a 
large  number  of  samples  would  be  needed  to  provide  a  precise 
estimate  of  the  density  of  organisms  in  a  given  stream  reach 
(Mason  1976) . 

Differences  in  density  between  some  stream  reaches  were 
generally  greater  than  differences  within  reaches.  A  two-way 
analysis  of  variance  using  log-10  transformed  data  revealed 
highly  significant  differences  in  the  densities  between 
stations,  and  significant  differences  in  the  densities  between 
months,  with  no  significant  interaction  between  stations  and 
months.  Ninety-five  percent  confidence  intervals  showed  that 
the  densities  differed  significantly  between  stations  1  and  5, 
4  and  5,  and  4  and  6,  and  between  the  November  and  March 
sampling  periods.  The  relatively  low  densities  of 
invertebrates  at  station  1  (Table  13)  were  probably  the  result 
of  a  shifting  substrate  and  frequent  scouring  events.  At 
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Tafela  9.  Wunbar  of  individual#  of  aach  invartabrata  tuon  found  in  two  quantltstlva  Pataraan  drwkjc 
coll »c tad  on  1  and  2  August  1979  at  tha  aix  uppar  Nonay  Croak  station#. 


Station 

Saapla 


at. Mia  (roundworua) 


Ol  LyuchavU  (aquatic 

•arthvoma) 


256  504  101  117 


illrudlnaa  (laothua) 

Halobdal la  atagnal la 

u4itro|io«ti  (anal la.  liaipata) 
Farr 1 aala  ap. 

Lynaaa  ap. 

Phyaa  ap. 

Pulannata 


7  2 

20  13 


Blvalvia  (cl ana) 

PI aid tun  ap. 

Sphaari ldaa 
flphaariun  alnila 

Xaopoda  (aow  bugs) 
Aaallua  (forbaal) 

Mphipoda  (aidaswianara) 
Hyalalla  aitaoa 

Daoapoda  (crayfish) 

Plaooptara  (atonafliaa) 

Triohoptara  (caddiafliaa 
Qwatoyyoht  ap. 

Haalptara  (watar  buy  a) 
Corlxidaa 


25  l  1 


12  10 
1 


2  2  1 


Sptia—  roplara  (nay f liaa) 
Baatidaa 
Caanlaap. 

Haaraganla  ap. 

Qdonata  (dragon f liaa. 
daawalfllaa) 

Colaoptara  (baatlaa) 

ChryaoMiidaa?.  larva 
tXiblrauhla  op. .  adult 
Dubiraphla  ap. .  larva 
Paltodytas  op* .  adult 
St ana la la  ap. .  adult 
St ana lnia  ap..  larva 

Nagaloptara  (haLlgrawmitaa) 
Mialla  ap. 

Olptara  fnidgaa,  oranafliaa 
othar  f liaa) 
Caratupoqonidaa,  baatia 
ooMplaa 

Chlronoaildaa.  larva 
Chlronouidaa.  pupa 
Dol lchopodldaa 
Muacldaa.  Panninaa 
Syrphidaa 
Tabanldaa 


70  115 

1  ) 


440  225 

10  • 
1 


01  21  103  42 

3  1 


tOTHL  OKaSNlSNS 
TOTAL  TAXA 


CUMMMGD  TUTAL  TAXA 


171  125  4S9  409  550  270 


•7  23  0S7 


T«bl«  in.  mm  »r  of  io4ivl.tu«U  <»f  Mrti  inwrtlfer«u  tanan  Tuand  Ln  tw  <N«itttKtlvo  rout  *r»<h|> 
on  2  wvl  •  lbvi«toi<c  !**)»  «l  tlw  itk  ua«ii  Mmy  Pr«A  ititlMW. 


NaUtOd*  UoundworM) 

<m<od>aie«  t<* 

•arthwuraa) 


Ulradtnaa  llaattdaa) 
MaluMatla  atajnalta 


UutropcnU  IsnaLla ,  U^>«la) 
f4rrl  mat  a  *f<. 

Oytaulu*  »i> 

VjP»M 

VlWtU  kf 


Hi  val via  (•  t  amm  | 
PialdluM  «f . 


laoynda  (•<**  >>u(|a) 

U{iiM  (torliMU 

ifpfclpnda  (•Itewiamil 

SJS122XJ!  lBSSteS|ltt^ 
wmUIU  «ji«ci  ' 


muMOte  (aaad  a*rU*a) 

Uydr«<«rlM  <»«f« i  aiiv«) 

Maaoptara  (atoMfltaa) 
cavnudaa 

TrioMatxa  (aadlliriUd 

Qses^PKSX^M  •*•■ 


WyotU^hyVaa^  mp. 
oamla  ap- 
rtTloarga^a  *?. 


rta»l|«tava  <*at««  bvfa) 
Oorlaidaa 


ss »ftc  •*• 


(myMIm) 


«P- 

KaMt  ■**• 
Odonata  (dvaeunfllaa, 
CalagtdQ*  »f 


cniaodtara  Ufcaatlaa) 


niyttit  (atdfaa.  tiranatl  laa, 
otdar  fltaat 
cramp  »fwld—.  Ogaala 

CMraaaaldaa.  larva 

CMrawldaa, 

OdUafcapftdlda* 


TljalUaa, 

Tlpalldaa. 


sr- 


CMIMb  WfU  TMA 


2*7 

T| 


I 


4 


1 


31 

aa 


S4 


a 


i» 


10 

a 


i*  i  ia  7i*  a  3  o 


i 


300  IM 


a«* 


aa 


a 


100  7 JO 

10  U 

4 

1 

a* 


TV 


HI  30*  >*1  433  104  03}  M  1,330  1,100  0*1  IM  000 

11  «  0  IT  0  It  II  M  10  10  11  10 

It  10  IT  30  M  1) 
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tlM  collected 


Tibia  11.  MaMur  of  individual!  of  each  invertebrate  tenon  found  in  two  quant ltativa  honor  dredge  eaag> 
on  20  March  1900  at  the  ala  upper  Money  Croak  atationa. 


•tat  ion 


Manatoda  (roundworm) 

Oligocheata  (aquatic 
earthworm) 


1  26  4  *21 

7  1  M  207  •  i  11  Ml  lM  II  )S 


Mirudlnaa  (laoohaa) 
Malobdalla  ataanalla 

Oaatropoda  (mail a,  llagote) 
rarrioaia  ap. 

Wiy—  •*>. 


4  11 

2 


42  2 

2  1 


tlvalvla  (q1«m) 
FUUlun  ap. 

Vvfsi*  maiii 

Unionidaa 


1 


14  27  24  1 

1 


144  7  121  2 

27  2  114  17 

1 


Xaopoda  (aow  huge) 
haallua  (forbaal) 

Maphipoda  (aldaawinaara) 
■yalalla  aataoa 

Dacapoda  (orayflah) 

Hydraeaxina  (water  ml  tail 


1  7 

1 

1 


1 


1 

1 


Maoeptara  (atonefliea) 

Capniidaa  1 

Trichoptara  (caddie fllaa) 


Chaumtopevche  ap. 

01  looatoai a  ap. 

1 

1 

s 

Colaoptora  (baatlaa) 

Dublraphia  ap. .  larva 

4 

1  1 

1 

1 

m 

40 

IteneWe  ap.,  larva 

4 

1 

Megaloptera  (hallgraaaaitaa) 

alalia  ap. 

Dlptara  (mldgaa,  oranafllaa. 

other  fllaa) 

Ceratopogonidaa,  laaala 

1  22 

1 

1 

1 

2 

1 

in 

46 

ooaplax 

Chlronoaidae ,  larva 

12  55 

191  520 

241  24 

52 

120 

19 

25 

120 

27 

Chlronoaddaa,  pupa 

4 

4 

■apididaa 

have hod idee,  farioona  ap. 

2 

1 

6 

•tratiaaqridae 

1 

•yrphldae 

1 

Tabanidaa 

1 

20 

TIduI ldaa.  Na«atcM  ap. 

Tlpul idea,  Irioptarlni 

2 

TOTAL  0MM1MS 

41  4* 

254  774 

224  50 

45 

160 

1,211 

204 

1,049 

175 

TOTAL  TAXA 

4  4 

5  10 

•  4 

7 

• 

11 

10 

14 

12 

COMIMD  TOTAL  TMU 

I 

10 

10 

11 

IS 

It 

1 1 


TabU  12.  Hu*er  of  individuala  of  aaeh  invertebrate  taxon  found  in  two  quantitative  fonar  dredqe  cample*  oolUetod 
on  2  Nay  iMO  at  the  *ix  upper  Honey  Croak  etatiooe. 


Nematode  (roundmma) 

Oliqochaeta  (aquatic 
e  art  informal 


2  14  22  27  17  11 


4  1*028  346  78  213 


Hirwllnea  (leochee) 

Halobdalla  etaonalla 

Caatrcipoda  (enaila,  limpet* ) 
rartlaala  op* 

Hiyea  ap. 

■ivalvia  (clama) 
yioldlum  ap. 
aohaariun  ainile 

Jaopoda  (cow  buqe) 

Aoellua  (forbaal) 

Daoapoda  (erayfieh) 

Procaafearu*  aoutua  aoutue 

Pleooptera  (atonaflioa) 

Trlchoptaca  (caddiafliaa) 
Chetmatopevche  ap. 

Oocotle  ap* 

Haaiptara  (water  buqa) 

Cor ia idee 

qpheanroptera  (nayflioa) 

Beetle  ap. 

Caonla  ap. 

Coleoptera  Obaetlea) 

Oublrantil*  ap.,  larva 
Poltodvteo  ap. ,  adult 
8tanelela~ap. ,  larva 

Naqaloptera  (hellqraaaaitea) 

»lalia  ap. 

Diptera  (nidqea*  oranafliaa, 
other  fllea) 

Ceratopoqonldae,  Poaalo 
complex 

Chironooidaa ,  larva 
Oiironenldae,  pupa 
Mpididae 

Slaulildae*  Blmallue  ap. 
Tabanldae 

Tipulidaa,  Hanatoma  ap. 
Tlpulidae.  noudo Henoch! U  ap. 


84  401 

4  8 


86  81 

IS  28 


88  87 

6  10 


71  48  33  11 

IS  32  1S3  22 


2  117  52 


107  166 

1  4 


T0T8L  0MMX8M 
TOTAL  nu 


COM  mo  TOTAL  INCA 


78  125  1*183  46S 


Table  13.  Numbers  of  invertebrates  per  square  meter  (N)  and  total  number  of 

taxa  (T)  identified  from  two  Petersen  or  Ponar  grab  samples  collected 
at  each  station  each  sampling  period  in  1979-1980. 


Station 

August 

November 

March 

May 

1 

N 

2,745 

6,917 

775 

1,890 

N 

2,006 

3,875 

1,229 

8,467 

T 

12 

15 

8 

12 

2 

N 

7,848 

6,634 

4,876 

2,759 

N 

7,527 

7,976 

14,704 

3,270 

T 

13 

19 

10 

11 

3 

N 

8,924 

5,557 

6,199 

3,043 

N 

4,430 

17,445 

945 

2,419 

T 

11 

17 

10 

9 

4 

N 

1,396 

7,333 

1,229 

1,474 

N 

369 

23,398 

3,024 

2,363 

T 

12 

30 

11 

10 

5 

N 

13,129 

20,941 

22,926 

22,359 

N 

11,026 

12,531 

3,893 

8,789 

T 

22 

26 

13 

15 

6 

N 

1,942 

4,271 

20,204 

9,545 

N 

7,800 

15,120 

3,308 

9,242 

T 

10 

13 

19 

16 
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station  4,  shifting  and  scouring  probably  caused  smaller 
effects,  while  large  stones  and  pebbles  which  underlay  the 
surface  sand  and  silt  probably  precluded  higher  population 
densities  and  caused  difficulty  in  obtaining  adequate  grab 
samples.  The  high  densities  at  station  5  apparently  were  due 
to  the  visibly  greater  organic  (muck  and  detritus)  component  in 
the  sediments  there  than  elsewhere. 

Tables  9  through  12  show  that  the  Chironomidae 
(midgeflies)  were  the  major  contributors  to  the  total  density 
at  each  station  each  sampling  period.  At  stations  2,  5,  and  S , 
the  Oligochaeta  (aquatic  earthworms  and  sludgeworms)  shared 
numerical  dominance  with  the  chironomids,  and  at  station  5  they 
far  outnumbered  other  groups  of  organisms  in  March  and  May. 
The  sphaeriid  clams  Pi sidium  spp.  or  Sphaer i ium  simile  were 
numerically  important  contributors  at  station  3  in  March,  at 
station  in  August  and  November,  and  at  station  fi  in  August, 
March,  and  May.  The  only  other  organisms  which  were  relatively 
abundant  in  the  quantitative  samples  were  caddisfly  larvae 
(Cheumatopsyche  sp.)  and  adult  beetles  (Stenelmis  sp.)  at 
station  1  in  August;  beetle  larvae  (Dubi raphia  sp.)  at 
station  6  in  November,  March,  and  May;  and  biting-midge  larvae 
(Ceratopogonidae)  at  station  6  in  March. 

Fishes.  Table  14  lists  the  12  fish  species  and  the 
numbers  of  each  collected  at  the  six  upper  Honey  Creek 
stations.  The  stoneroller  minnow  and  the  northern  creek  chub 
were  the  only  two  species  found  at  all  stations.  The  common 
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tg  the  s\B**r  fall  !f  J  .  early  spring  (as)  ,  And  late  spring  (la)  of  19^-1980. 
provide*  i  ^u*litit:ve  eat  irate  of  the  relative  abundance*  of  the  specie*. 


fctal  Secies : 


1 


white  sucker,  common  shiner,  and  bluntnose  minnow  were 
collected  at  four  stations.  Stations  1,  2,  and  6  revealed  the 
most  species,  while  stations  3,  4,  and  5  revealed  fewer 
species.  No  pattern  in  the  distribution  or  abundance  of  the 
species  was  evident.  However,  the  fish  population  at  station  5 
was  depauperate,  with  only  five  individuals  being  seined 
throughout  the  year.  It  should  be  remembered  that  although  the 
seining  for  fishes  was  fairly  exhaustive,  this  technique 
provides  an  estimate  only  of  those  fishes  which  are  readily 
caught  by  a  seine,  in  areas  where  a  seine  can  be  effectively 
used.  Fleet roshock  ing  probably  would  have  provided  a  more 
accurate  picture  of  the  relative  numbers  of  each  species  and 
would  have  added  more  species  to  the  list  in  Table  14. 

Substrates 

Table  15  reports  the  data  generated  by  the  grain  size 
analysis.  In  the  May  sampling  period,  only  two  samples  were 
taken  at  station  5.  This  locality  had  been  channelized  since 
the  fall  sampling  period,  making  fall-spring  comparisons  of 
questionable  value. 

The  data  were  plotted  as  weight  percent  histograms, 
cumulative  percent  diagrams,  and  in  several  other  forms  which 
facilitated  analysis.  Examples  of  one  of  these  kinds  of  plots 
are  reproduced  in  Figure  4;  the  remainder  are  available  on 
request . 

Comparison  of  total  sample  weight  with  the  sum  of  the 
fraction  weights  shows  little  change  in  total  sample  weight  due 
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to  changes  in  moisture  content  or  retention  of  grains  by  the 
sieves . 

Ambient  Water  Quality 

Racter iology.  The  concentrations  of  fecal  coliforms  and 
fecal  streptococci,  and  the  ratios  of  fecal  coliforms  to  fecal 
streptococci,  are  shown  in  Table  16  for  the  six  upper  Honey 
Creek  stations,  and  in  Table  17  for  the  Melmore  and  New 
Washington  gaging  stations.  For  general  contact  recreational 
water,  national  water  quality  criteria  require  a  log-mean 
(geometric  mean)  per  30  days  of  fewer  than  1000  fecal  coliforms 
per  100  ml,  with  a  maximum  of  2000/100  ml  per  30  days  in  10 
percent  of  the  samples.  For  primary  contact  recreational 
waters,  a  log-mean/30  days  of  fewer  than  200/100  ml  with  a 
maximum  of  400/100  ml  per  30  days  in  10  percent  of  samples  is 
required.  For  use  as  a  public  water  supply,  a  log-mean  of 
fewer  than  2000  fecal  col i forms/1 00  ml  is  required,  and  for  use 
as  agricultural  water,  a  monthly  mean  of  fewer  thc.n  1000 
(Pordner  et  al.  1978).  Ohio  EPA  water  quality  standards 
(0 AC- 3745-1)  require  a  log-mean  fecal  coliform  content  (at 
least  five  samples  per  30  days)  of  200/100  ml  or  fewer,  and  not 
to  exceed  400/100  ml  in  more  than  10  percent  of  samples  taken 
in  any  30  day  period. 

The  frequency  of  sampling  during  this  pilot  study  was  not 
large  enough  to  permit  application  of  the  above  water  quality 
criteria.  However,  from  the  samples  obtained,  the  evidence  is 
strong  that  tt  times  fecal  coliforms  at  every  station  exceeded 
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Table  Hi.  Concentrations  of  fecal  coliforms  (FC)  and  fecal  streptococci  (FS) , 

and  FC/FS  ratios,  at  the  six  upper  Honey  Creek  stations  on  four  dates. 


Station  Fecal  Coliforms/lOOml  Fecal  Streptococci/lOOml  FC/FS 


1  August  1979 


1 

180 

690 

0.26 

2 

1,150 

1,800 

0.64 

3 

4,800 

1,170 

4.10 

4 

3,600 

2,500 

1.44 

5 

5,000 

840 

5.95 

G 

420 

1,140 

0.37 

2  November  1979 

1 

480 

1,620 

0.30 

2 

10G 

860 

0.12 

3 

10,900 

4,700 

2.32 

4 

260 

970 

0.27 

5 

1,040 

6,800 

0.15 

G 

9,300 

14,600 

0.64 

27  March  1980 


1 

2,370 

1,040 

2.28 

2 

410 

1,040 

0.39 

3 

8 , 200 

1,000 

8.20 

4 

130 

160 

0.81 

5 

200 

258 

0.78 

G 

740 

670 

1.10 

24  June  1980 


1 

(Stations  1-4  &  G 

470 

2,200 

0.21 

2 

1 ,  GOO 

630 

2 . 54 

3 

only  slightly 

8,100 

3,200 

2.53 

4 

turbid) 

790 

4,500 

0.18 

5 

6 

(Water  very  turbid) 

56,000 

3,900 

42,000 

1,260 

1.33 

3.10 

G 


Table  17.  Concentrations  of  fecal  coll forma  (PC)  and  fecal  streptococci  (PS),  and 

PC/PS  ratios,  at  the  Mslmore  (mil)  and  New  Washington  (NW)  gaging  stations. 
PC/PS  ratios  were  not  calculated  when  fewer  than  98  FS/100  ml  were  present. 


Date  Turbidity  Pecal  Coliforms  Pecal  Streptococci  PC/PS 

per  100  ml  per  100  ml 


MEL 

NW 

MEL 

NW 

MEL 

NW 

1  August  1979 

18,000 

230 

47,000 

640 

0.38 

0.36 

2  November  1979 

450 

370 

210 

2,100 

2.14 

0.18 

12  November  1979 

2,100 

760 

9,000 

1,120 

0.23 

0.68 

26  November  1979 

very  turbid 

5,100 

6,500 

38,000 

102,000 

0.13 

0.06 

3  December  1979 

clear 

660 

640 

220 

830 

3.00 

0.77 

17  December  1979 

clear 

260 

240 

<  100 

<  100 

8  January  1980 

clear 

210 

150 

170 

130 

1.23 

1.15 

14  January  1980 

turbid 

1,290 

1,110 

2,200 

2,500 

0.59 

0.44 

21  January  1980 

clear 

59 

540 

90 

103 

5.24 

28  January  1980 

165 

44 

32 

30 

4  February  1980 

700 

710 

137 

98 

5.10 

7.24 

12  February  1980 

730 

360 

970 

62 

0.75 

18  February  1980 

86 

330 

51 

30 

10  March  1980 

very  turbid 

4,000 

2,300 

7,600 

5,500 

0.53 

0.42 

7  April  1980 

very  turbid 

1,370 

850 

560 

480 

2.45 

1.77 

14  April  1980 

3,200 

2,100 

8,400 

6,400 

0.38 

0.33 

21  April  1980 

alighty  turbid 

380 

200 

390 

65 

0.97 

28  April  1980 

slighty  turbid 

740 

200 

76 

110 

1.82 

12  May  1980 

600 

490 

390 

290 

1.54 

1.69 

24  June  1980 

.  slighty  turbid 

545 

480 

1,560 

1,160 

0.35 

0.41 
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all  of  the  criteria  for  water  quality.  In  general,  as 
indicated  by  the  greater  number  of  samples  at  the  New 
Washington  and  Melmore  stations,  bacterial  concentrations  (both 
fecal  coliforms  and  fecal  streptococci)  increased  dramatically 
with  turbidity  (runoff),  and  decreased  as  the  streams  returned 
to  median  levels  and  became  clear. 

Fecal  streptococci  data,  in  conjunction  with  fecal 
coliform  data,  are  useful  for  indicating  the  source  of  fecal 
pollution.  Fecal  streptococci  counts  were  used  to  compute 
ratios  of  fecal  coliforms  to  fecal  streptococci.  A  ratio  over 
4.0  is  regarded  as  evidence  of  contamination  from  human  body 
wastes;  a  ratio  below  0.7  suggests  pollution  derived  entirely 
or  predominantly  from  livestock  or  poultry  wastes,  milk  and 
food  processing  wastes,  or  stormwater  runoff.  Intermediate 
values  of  the  ratio  represent  a  mixture  of  human  and  non-human 
sources,  assuming  that  the  samples  were  taken  not  more  than  24 
hours  flow  time  from  the  point  of  pollution  (Bordner  et 
al.  1978). 

The  ratios  computed  for  upper  Honey  Creek  (Table  16) 
indicate  human  fecal  pollution  in  August  1979  at  stations  3 
(below  Tiro)  and  5,  and  in  March  1980  again  at  station  3. 
Stations  1,  2,  4,  and  6  showed  pollution  of  either  mixed  origin 
or  non-human  origin  on  all  four  sampling  dates.  Pollution  of 
human  origin  was  evident  at  the  New  Washington  gaging  station 
only  on  two  dates,  in  January  and  February  1980,  and  at  the 
Melmore  station  only  once,  in  February.  These  latter  two 
stations  may  be  more  subject  than  the  upstream  stations  to  a 
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long  travel  time  from  the  origin  of  pollution,  and  thus  the 
high  ratios  may  reflect  the  faster  rate  of  disappearance  of 
viable  fecal  streptococci  than  fecal  coliforms  from  the  water 
column. 

Chemical  Pa rameters .  Chemical  concentrations  are  shown  in 
Table  18  for  the  four  sampling  dates.  Phosphorus  was  measured 
as  total  phosphorus  and  dissolved  reactive  phosphorus.  On  all 
four  sampling  dates,  dissolved  reactive  phosphorus 
concentrations  were  from  two  to  four  times  higher  at  station  3 
than  at  the  next  highest  station.  The  highest  dissolved 
reactive  phosphorus  values  for  most  of  the  stations  occurred  in 
the  August  1979  samples.  Station  3  also  possessed  total 
phosphorus  values  which  were  two  to  three  times  higher  than  at 
any  other  station  in  three  of  the  four  sets  of  samples,  whereas 
station  6  always  possessed  the  second  highest  concentrations 
except  in  March,  when  it  had  the  highest  value.  Overall,  the 
data  indicate  elevated  phosphorus  levels  most  of  the  time  at 
station  3  in  relation  to  the  other  upper  Honey  Creek  stations. 

Nitrogen  was  measured  as  nitrate  +  nitrite,  and  ammonia 
nitrogen.  No  station  had  consistently  higher  nitrate  +  nitrite 
values  than  the  other  stations.  The  highest  values  of  nitrate 
+  nitrite  for  most  stations  were  found  in  March.  Nitrate  + 
nitrite  levels  at  three  stations  in  March  approached  the  Ohio 
EPA  standard  (OAC-3745-1)  of  10  mg/L  nitrate  (N)  for  public 
water  supply  intakes,  but  were  well  below  the  agricultural 
standard  of  100  mg/L.  Station  3  possessed  the  highest  ammonia 
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able  18.  Chemical  co.-.cer.tratio-.s  measured  from  water  grab  sasiples  collected  at  the  six  upper  Honey  Creek  stations  and  the 
Mew  Washington  INK)  and  Melaore  (ME)  gaging  stations.  All  values  except  pH  and  conductivity  are  reported  in  ppr. . 
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levels  in  March  and  July,  and  the  second  highest  levels  in 
August  and  November. 

Suspended  solids,  conductivity,  pH,  silica,  sulfate  and 
chloride  showed  no  pattern  among  the  stations.  However, 
conductivity  appeared  to  decrease  during  periods  of  runoff,  as 
indicated  by  simultaneously  elevated  concentrations  of 
suspended  solids  (for  example,  see  Table  17,  March  1980).  The 
water  at  all  stations  was  slightly  alkaline,  with  a  pH  between 
7.45  and  8.25  throughout  the  year. 

Tiro  Phosphorus  Loading  Study 

Table  19  provides  a  sample  of  the  type  of  data  used  to 
calculate  the  phosphorus  loading  from  Tiro.  The  flows 
downstream  (station  3)  and  upstream  (station  4)  from  the  town 
were  measured  during  the  midpoint  of  the  chemical  sampling 
time.  Average  concentrations  were  used  to  estimate  stream 
transport  above  and  below  the  town,  with  the  increment  in 
loading  attributed  entirely  to  septic  effluents.  Three  such 
sets  of  measurements  indicated  loading  rates  of  0.12  kg/day  on 
12  February  1980,  0.27  kg/day  on  27  February  1980,  and  0.24 
kg/day  on  23  April  1980.  For  the  27  February  collection, 
soluble  orthophosphorus,  and  ammonia  nitrogen  were  measured  in 
addition  to  total  phosphorus  (Table  20).  The  large  increases 
in  soluble  phosphorus  and  ammonia  are  typical  of  the  impact  of 
sewage  effluents  on  stream  water  quality. 
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Tabic 


Sampl 

Time 

9:30 
10:30 
11:30 
12:30 
I  :  30 
2:30 
1 :  30 
4:30 


Table  19.  Data  for  calculation  of  Total  Phosphorus  loading 
from  Tiro,  23  April  1980. 


Sampling  Total  Phosphorus  Concentration  (mg/Z) 

Tlme  Station  4  Station  3 


2:00  PM 

0.012 

.139 

3:00  PM 

0.015 

.164 

4:00  PM 

0.015 

.206 

5:00  PM 

0.015 

.211 

6:00  PM 

0.015 

.185 

7:00  PM 

0.015 

.162 

8:00  PM 

0.015 

.128 

Stream  Flow 

5:00  PM 

-3  3 

9.3  x  10  m  /sec. 

-2  3 

1.8  x  10  m  /sec. 

20.  Effects 

of  Tiro  on 

soluble  reactive  phosphorus,  total  phosphorus 

and  ammonia  concentrations  on  27  February  1980. 


Soluble  Reactive  Phos.  Total  Phosphorus  Ammonia 

Lnq  mq/S,  mg/Z  mg/Z 


St.  #4 

St.  #3 

St.  #4 

St.  #3 

St.  #4 

St.  #3 

.033 

.079 

.035 

.095 

.011 

.190 

.037 

.083 

.036 

.102 

.010 

.210 

.033 

.075 

.032 

.098 

.023 

.215 

.030 

.085 

.032 

.106 

.005 

.265 

.030 

.105 

.035 

.177 

.000 

.278 

.030 

.  1  32 

.036 

.171 

.002 

.379 

.036 

.123 

.041 

.199 

.004 

.335 

.036 

.129 

.042 

.216 

.001 

.374 
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DISCUSSION 


Limitations  of  the  Study  Approach 

The  results  presented  in  this  study  represent  preliminary 
data  and  as  such  provide  the  basis  for  initial  interpretation 
and  characterization  of  the  environmental  quality  of  the  six 
upper  Honey  Creek  stations.  Because  the  number  of  samples 
obtained  for  investigating  each  parameter  was  minimal,  one 
should  refrain  from  drawing  conclusions  which  may  not  be 
accurate  when  based  on  such  limited  data.  Particularly 
vulnerable  from  this  standpoint  would  be  characterizations  of 
the  bacterial  and  chemical  water  quality  based  on  only  the  four 
sets  of  samples  obtained  during  this  pilot  study.  The  data 
obtained,  however,  do  provide  important  baseline  information 
representative  of  non-storm  conditions  which  can  guide  further 
investigative  efforts.  The  data  derived  from  the  four  sets  of 
biological  (algal,  invertebrate,  and  fish)  samples  are  more 
adequate  for  characterizing  the  study  sites  because  the 
organisms  inhabit  the  sampling  locations  for  relatively  long 
periods  of  time  (weeks  or  months)  and  thus  by  their  persistence 
or  absence  reflect  the  water  or  sediment  quality  integrated 
over  those  time  intervals.  The  bacterial  and  chemical  samples 
reflect  only  the  conditions  existing  at  the  point  in  time  of 
sampling. 

Several  limitations  of  the  sampling  methods  became  obvious 
during  this  study,  and  further  investigations  of  upper  Honey 
Creek  or  similar  streams  would  be  enhanced  by  incorporating  the 
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chanqes  described  here.  The  Ponar  dredge  is  a  standard  and 
effective  device  for  samplinq  invertebrates  from  sedimentary 
substrates,  as  it  proved  to  be  in  the  present  study.  However, 
in  upper  Honey  Creek  the  grain  sizes  of  the  substrates  in 
almost  all  samples  were  such  that  only  a  small  amount  of  the 
totai  sample  could  be  sieved  through  the  No.  30  mesh  screen. 
This  required  transporting  the  majority  of  the  substrate  to  the 
laboratory,  whore  the  very  time-consuming  effort  of  hand 
pickinq  the  unconcent r a  ted  invertebrates  from  large  quantities 
(as  much  as  4  L)  of  substrate  was  accomplished.  The  results  of 
the  paired  samples  at  each  station  demonstrated  a  very  large 
spatial  variation  in  the  abundance  of  invertebrates  in  the 
substrates,  probably  due  partly  to  the  different  sediment  types 
sampled  within  each  station  reach.  Therefore,  to  obtain  a  more 
precise  estimate  of  the  overall  densities  of  benthic 
invertebrates,  and  simultaneously  to  reduce  the  cost  and  time 
involved  in  processing  samples,  a  larger  number  of  samples  of 
considerably  smaller  volume  than  obtained  by  the  Ponar  dredge 
should  be  collected.  A  coring  device  with  a  small 
cross-sectional  area  (about  5  cm  diameter)  would  probably 
suf  f ice . 

As  previously  stated,  a  more  accurate  estimate  of  the  fish 
species  present  at  the  stations  would  be  obtained  by 
supplementing  seining  efforts  with  electroshocking.  It  is 
possible,  however,  that  few  or  no  additional  species  would  be 
obtained  from  these  first  and  second  order  streams,  which  can 
be  completely  blocked  by  stretching  the  seines  across  the 
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stream.  The  greatest  advantage  of  electroshocking  would  be  in 
collecting  fish  hiding  in  debris  or  deep  holes,  and  in 
providing  a  better  estimate  of  relative  numbers  of  each 
species . 

Several  problems  were  encountered  during  substrate 
sampling  and  processing  which  suggest  changes  in  approach.  At 
several  stations,  the  sediment  included  many  particles  of  large 
pebble  size  (32  mm)  and  larger.  Several  samples  included  rocks 
up  to  10  cm  in  diameter.  One  such  rock  may  represent  half  the 
total  weight  of  a  250  gram  sample.  Such  a  sample  cannot 
reliably  be  used  to  draw  conclusions  about  the  substrate  it 
"represents."  Prohibitively  large  samples  would  be  required  in 
these  cases. 

Another  sampl i ng- related  problem  is  the  thinness  of  the 
deposits  in  many  first  order  streams.  Frequently,  samples 
included  some  glacial  till  from  the  stream  bed  below  the 
deposit  which  was  visible  on  the  surface.  These  samples  are  a 
misleading  mixture  of  an  erodable  but  resistant  bed  material 
and  stream  deposits.  They  represent  two  very  different 
environments.  Also,  the  till  tends  to  disaggregate  poorly, 
producing  size  frequency  results  of  uncertain  meaning. 

We  encountered  further  difficulty  at  station  5,  which  was 
extensively  cleared,  landscaped,  and  then  channelized  between 
fall  and  early  spring  sampling  periods.  The  May  samples 
appeared  to  be  almost  entirely  of  disturbed  bed  material  rather 
than  natural  stream  deposits. 


Station  Comparisons 


Despite  the  limitations  in  the  sampling  methods  and  data 
discussed  above,  a  number  of  legitimate  comparisons  and 
interpretations  are  possible.  Our  visual  observations  and  data 
on  the  subst  *•  >tes  suggest  several  conclusions.  One  quickly 
observes  that  the  substrates  are  very  variable,  forming  a 
mosaic  of  patches  of  different  grain-size  characteristics.  At 
most  stations,  the  stream  bed  was  composed  of  a  complex  mixture 
of  sand  and  gravel,  fine  sediment  often  with  entrapped  organic 
debris,  muddy  sand,  and  glacial  till.  It  would  not  be  possible 
to  characterize  any  such  stream  bottom  as  a  whole  except  by 
describing  it  as  variable. 

On  the  other  hand,  there  are  differences  between  stations. 
Station  5  had  organic-rich  deposits  which  were  almost  devoid  of 
coarse  material.  Stations  1  and  3  were  dominated  by  sand  and 
gravel  with  relatively  little  included  fines,  and  at  low  water 
were  essentially  braided  streams  in  miniature.  Station  4  had 
very  thin  deposits  as  a  veneer  over  glacial  till.  Stations  2 
and  f>  were  generally  siltier  than  1  and  3,  but  coarser  than  5. 

The  most  interesting  conclusion  comes  from  examining  the 
pairs  of  samples  taken  spring  and  fall  at  the  same  spot.  One 
miqht  expect  that  spring  samples,  subjected  recently  to  high 
flows  of  spring  runoff,  would  be  coarser  grained  than  fall 
samples,  with  a  recent  history  of  relatively  low  velocity 
flows.  The  data  were  plotted  in  pairs,  in  weight  percent  form; 
examples  are  in  Figure  4.  Of  22  pairs,  the  spring  samples  were 
coarser  in  nine  cases,  and  finer  in  four  cases.  Nine  cases 
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either  were  essentially  unchanged  or  showed  ambiguous  changes. 
These  results  seem  to  show  the  expected  seasonal  adjustment  of 
sediment  grain  size  distributions  to  hydrologic  conditions  in 
the  stream.  However,  the  pattern  is  often  obscured  by  oc°er 
sources  of  variability. 

The  changes  in  grain  size  distribution  which  might 
accompany  no-till  farming  could  only  be  detected  if  these  other 
sources  of  variation  could  be  controlled  or  accounted  for.  We 
do  not  believe  that  such  long-term  changes  could  be  reliably 
detected  using  the  approaches  employed  in  this  pilot  study. 

From  the  occasionally  elevated  concentrations  of  fecal 
coliform  bacteria,  the  high  ratio  of  fecal  coliforms  to  fecal 
streptococci,  and  the  elevated  levels  of  phosphorus  and 
occasionally  nitrogen,  at  station  3  as  compared  to  the  other 
stations,  there  appears  to  be  a  definite,  observable  influence 
on  stream  water  quality  by  nonpoint  sources  in  the  Tiro 
vicinity.  Whether  or  not  these  sources  are  septic  tank 
effluents  remains  to  be  determined  by  more  extensive  sample 
analysis  over  more  frequent  intervals  than  in  this  pilot  study. 
An  effort  was  made  in  choosing  all  of  the  stations  to  avoid 
their  proximity  within  several  hundred  meters  to  obvious  septic 
tank  or  tile  effluents.  Nevertheless,  the  fecal  coliform 
counts  indicated  that  human  or  animal  fecal  pollution  may  be  a 
substantial  problem  needing  resolution  at  all  six  stations  if 
any  desired  water  use  is  to  be  safely  obtained  from  any  of 
these  upper  Honey  Creek  tributaries. 

In  general,  the  invertebrate  samples  indicated  good  stream 


quality  at  all  stations.  A  one-way  analysis  of  variance  showed 
that  there  was  no  statistical  difference  at  the  95  percent 
confidence  level  in  the  number  of  taxa  at  the  six  stations. 

Amonq  the  ta>:a  found,  several  are  considered  to  belong  to 
"indicator"  groups.  Notably,  various  genera  of  mayflies,  which 
are  sensitive  to  depressed  dissolved  oxygen  levels  which  often 
accompany  organic  enrichment,  were  present  at  all  stations. 

Stoneflies,  which  comprise  another  enrichment-sensitive  group, 
were  present  durinq  at  least  one  sampling  period  at  every 
station  except  station  3,  below  Tiro.  No  invertebrates  whose 
presence  in  large  numbers  indicates  pollution  or  enrichment 
were  found  in  disproportionately  large  numbers.  One  unexpected  f 

invertebrate  was  found,  however.  Several  individuals  of  the 
amphipod  crustacean  Bactrurus  mucronatus ,  a  subterranean 
species,  were  collected  in  the  early  spring  qualitative  sample 
at  station  5.  This  station  was  situated  about  200  m  downstream 
from  two  tile  system  effluents.  It  seems  probable  that  this 
species  normally  populates  tile  systems  and  is  occasionally 
washed  from  these  systems  into  the  receiving  streams. 

The  results  of  this  study  provide  strong  evidence  which 
suggests  that  substrate  type  exerts  an  overriding  influence 
over  other  chemical  and  physical  factors  in  determining  the 
nature  of  the  biological  community  which  is  present  in  a  given 
stream  reach  in  upper  Honey  Creek.  Comparison  of  the  density 
of  invertebrates  in  the  quantitative  samples  with  the  sediment 
type  at.  each  station  (Table  21)  suggests  that  a  relationship 
exists  wherein  stations  with  predominantly  fine-grained 
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Table  21.  Mean  number  of  benthic  macroinvertebrates  per  sample 
(N<=8)  for  each  upper  Honey  Creek  station  compared  to 
the  predominant  sediment  type  at  each  station. 


Station 

Sediment  Type 

Mean/Sample 

5 

organic-rich,  devoid  of 
coarse  material 

793 

2 

siltier  than  1  and  3; 
coarser  than  5 

386 

6 

siltier  than  1  and  3; 
coarser  than  5 

484 

1 

sand  and  gravel 

190 

3 

sand  and  gravel 

340 

4 

fine  deposits  as  veneer  over 
glacial  till 

271 
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sediments  possess  the  highest  invertebrate  densities,  and  those 
with  predominantly  large-grained  sediments  (sand  and  gravel) 
possess  the  lowest  densities.  This  relationship  exists  because 
the  numerically  dominant  invertebrates  at  all  of  the  upper 
Honey  Creek  stations  are  burrowing  midgefly  larvae  and/or 
oliqochaet.es;  as  grain  size  increases,  less  habitat  suitable 
for  burrowing  is  available.  Furthermore,  the  presence  of 
fine-grained  substrates  is  indicative  of  a  stable  sedimentary 
substrate  which  permits  the  colonization  and  persistence  of 
those  invertebrates  which  live  within  the  sediments  as  well  as 
of  aquatic  macrophytes  such  as  those  which  were  found  in 
mid-channel  growing  on  the  fine  substrate  at  station  5. 
Substrates  with  predominantly  larger  grain  sizes  indicate  less 
stability,  which  prevents  aquatic  organisms  as  well  as  the  fine 
sediments  from  settling  and  accumulating.  In  addition,  the 
invertebrate  taxa  which  occur  at  a  given  stream  location  are 
dependent,  to  some  extent  on  the  type  of  substrate  present.  For 
example,  the  burrowing  larvae  of  the  mayfly  Hexagen ia  sp.  and 
the  heilgrammite  5U a  1 i s  sp.  are  found  primarily  in  substrates 
composed  of  medium  to  fine  sediments  containing  considerable 
amounts  of  detritus.  Likewise,  many  of  the  mayfly  and  stonefly 
species  inhabit  only  the  surfaces  of  large-grained  sediments, 
such  as  pebbles  or  stones. 

The  alteration  of  the  stream  banks  and  the  dredging  of  the 
channel  at  station  5  seemed  to  have  no  effect  on  the  total 
abundance  of  invertebrates  in  the  channel.  The  densities  were 
very  similar  between  the  samples  collected  prior  to 
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channelization  (August  and  November)  and  those  collected 


afterward  (March  and  May).  However,  the  number  of  taxa 
appeared  to  be  somewhat  depressed  by  the  alteration,  and  the 
abundance  of  certain  invertebrate  groups,  such  as  damselflies, 
caddisflies,  and  amphipods,  were  reduced  drastically  following 
the  channelization. 


Tiro  Septic  Tank  Effects 

The  results  of  the  more  detailed  studies  in  the  Tiro  area 
indicate  that  septic  tank  effluents  in  Tiro  have  a  definite 
effect  on  stream  water  quality  in  upper  Honey  Creek.  The 
increases  in  concentrations  of  soluble  orthophosphorus  and 
ammonia  in  the  town,  and  the  high  proportion  of  the  total 
phosphorus  in  the  soluble  form  indicate  sewage  pollution.  The 
high  ratio  of  fecal  coliforms  to  fecal  streptococci  indicates 
human  sources  as  a  dominant  component  of  that  sewage.  This 
data  coupled  with  direct  observation  of  numerous  tiles  emptying 
sewage  into  the  stream  in  -.he  town  leave  no  doubt  that  human 
septic  wastes  are  entering  the  stream  in  Tiro  and  affecting 
stream  water  quality. 

With  respect  to  water  quality,  there  are  probably  three 
major  effects  of  the  Tiro  inputs.  The  first  of  these  is  the 
elevated  bacterial  levels  which  indicate  health  risks  for 


recreational  uses  of 

the 

stream.  A 

second 

effect  that 

is 

adequately  documented 

in 

this  study 

is  the 

elevation 

in 

nutrient  concentrations  in  the  stream  stretches  immediately 
below  the  town.  These  elevated  nutrient  concentrations  would 


1 


be  observable  under  most  non-storm  stream  flows  but  become  more 
pronounced  as  stream  flows  diminish.  Elevated  nutrient 
concent ra t i ons  are  no  longer  evident  at  the  New  Washington 
gaging  station  due  to  both  dilution  from  other  tributaries  and 
biological  and/or  physical  removal  of  phosphorus  from  the 
flowing  water.  The  biological  communities  in  the  stream  below 
Tiro  did  not  appear  to  be  adversely  impacted  by  the  elevated 
nutrient  concentrations. 

The  third  effect  of  the  Tiro  inputs  concerns  their 
contribution  to  the  total  phosphorus  loading  from  Upper  Honey 
Creek.  Evaluating  this  effect  is  much  more  difficult  than  the 
previous  two  effects  in  that  loading  studies  require  both 
concentration  and  flow  measurements.  The  extent  to  which 
loading  from  Tiro  varies  with  the  season  and  stream  flow 
conditions  has  not  been  investigated  and  such  studies  would  be 
extremely  difficult  under  high  flow  conditions.  The  low  flow 
loadings  observed  on  three  occasions  were  0.12,  0.27  and  0.24 
kg/day.  If  one  assumes  that  the  average  loading  from  Tiro  were 
0.75  kg/day,  the  annual  loading  would  be  91  kg/yr.  This 
assumption  could  be  valid  if  a  large  portion  of  the  loading 
were  from  septic  tanks  which  have  failed  to  the  extent  that  the 
leach  fields  or  wells  are  totally  nonfunctional  and  the 
effluent  from  the  septic  tanks  enters  tile  systems  which  lead 
directly  to  the  stream.  Such  loadings  could  be  relatively 
constant  the  year  round.  Most  of  the  soils  in  the  Tiro  area 
are  not  well  suited  for  septic  tank  systems  because  of  low 
permeability  and  seasonal  high  water  tables  (Steiger  and  Powell 
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1975).  Nevertheless,  as  long  as  the  effluent  is  passing 
through  a  soil  system  it  is  likely  that  most  of  the  phosphorus 
will  be  adsorbed  (Jones  and  Lee  1979).  This  is  especially  so 
for  the  silty  clay  loams  which  are  dominant  soils  in  the  area. 
If  anything,  the  period  from  ..ate  winter  through  early  spring 
during  which  these  these  measurements  were  taken  may  reflect 
higher  than  average  septic  tank  loadings.  If  one  assumes  that 
the  values  of  0.25  kg/day  and  91  kg/yr  are  approximately 
correct,  the  significance  of  this  value  depends  on  the  point  of 
reference.  For  the  Honey  Creek  watershed  as  a  whole,  long  term 
studies  at  the  Melmore  stream  gage  indicate  a  unit  area  total 
phosphorus  export  of  1.09  kg/ha.  The  drainage  area  at  Melmore 
is  38,600  ha  and  the  average  total  phosphorus  loading  is  42 
metric  tons  per  year.  The  population  above  the  Melmore  gage  is 
about  6830  giving  a  population  density  of  18/km.  At  station  3 
below  Tiro,  the  drainage  area  is  about  380  ha,  the  population 
is  about  360,  and  the  population  density  is  about  95/square  km. 
If  the  unit  area  phosphorus  yields  at  Melmore  are  applied  to 
this  portion  of  the  basin,  the  total  phosphorus  yield  would  be 
414  kg/yr  and  the  91  kg/yr  from  Tiro  would  be  responsible  for 
22%  of  the  load.  The  drainage  area  of  the  entire  upper  Honey 
Creek  at  the  New  Washington  gaging  station  is  4400  ha,  the 
population  is  606,  and  the  population  density  is  14/square  km, 
a  value  much  closer  to  that  of  the  Melmore  station. 
Application  of  a  population  equivalent  from  Tiro  (0.26 
kg/yr/person)  to  the  upper  Honey  Creek  watershed  as  a  whole 
would  indicate  a  phosphorus  yield  from  septic  tanks  of  157 


kq/yr.  Again,  application  of  the  1.09  kg/ha/yr  to  the  4400  ha 
watershed  gives  a  total  phosphorus  export  of  4,800  kg/yr,  of 
which  the  septic  tank  effluents  would  comprise  3.3%. 

The  effect  of  septic  tank  effluents  from  Tiro  on 
phosphorus  loading  is  significant  for  the  watershed  at  station 
3  immediately  below  Tiro.  For  the  Upper  Honey  Creek  watershed 
as  a  whole  the  septic  tank  effluents  do  not  constitute  a  major 
component  of  the  loading.  Since  the  population  densities  at 
the  New  Washington  station  are  close  to  the  average  population 
densities  for  the  entire  Honey  Creek  Watershed,  this  pilot 
study  suggests  that  septic  tank  effluents  do  not  contribute 
significantly  to  total  phosphorus  loading  from  Honey  Creek. 
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CONCLUSIONS 


1.  Stream  substrates  at  each  of  the  six  upper  Honey  Creek 
stations  were  highly  variable  spatially  and  temporally. 
Sediment  grain  sizes  tended  to  adjust  to  seasonal  hydrologic 
conditions.  Because  of  this  large  variation,  the  relatively 
subtle  changes  in  grain  size  distribution  which  might  accompany 
conversion  to  no-till  farming  cannot  be  reliably  detected  with 
the  sampling  approach  used  in  this  pilot  study. 

2.  The  composition  and  density  of  the  invertebrate 
communities  were  highly  variable,  evidently  in  response  to 
substrate . 

3.  In  general,  the  algae,  invertebrates  and  fishes  at 
each  station  indicated  good  stream  quality,  based  on  the 
presence  of  indicator  organisms  and  diverse  species 
assemblages . 

4.  Concentrations  of  fecal  bacteria  were  noted  to 
increase  during  periods  of  storm  runoff.  The  fecal 
col iform/fecal  streptococcus  ratios  indicate  that  the 
predominant  sources  of  fecal  contamination  at  five  of  the  six 
upper  Honey  Creek  stations  and  at  the  New  Washington  and 
Melmore  gaging  stations  are  nonhuman.  The  data  further  provide 
evidence  that  fecal  coliform  levels  may  exceed  both  federal  and 
Ohio  water  quality  criteria  at  some  times  during  the  year  at 
all  stations.  Fecal  pollution  may  be  a  substantial  problem 
needing  resolution  at  all  six  stations. 

5.  From  the  occasionally  elevated  concentrations  of  fecal 
coliform  bacteria,  the  high  ratio  of  fecal  coliforms  to  fecal 
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streptococci,  and  the  elevated  levels  of  phosphorus  and 
occasionally  ammonia  nitrogen,  at  station  3  as  compared  to  the 
other  stations,  there  appears  to  be  a  definite,  observable 
influence  on  stream  water  quality  by  septic  tank  effluents  in 
the  vicinity  of  Tiro.  The  phosphorus  loading  from  Tiro  is 
significant  for  the  tributary  draining  the  town,  but  loadings 
from  septic  tanks  are  not  significant  for  the  upper  Honey  Creek 
watershed  as  a  whole. 

6.  As  a  result  of  large  spatial  and  temporal  variations 
in  the  substrate  and  biological  communities  observed  during 
this  study,  it  is  anticipated  that  subtle  changes  in  the  upper 
Honey  Creek  stream  ecosystem  which  might  be  expected  to 
accompany  the  large-scale  implementation  of  no-tillage 
practices  would  probably  be  difficult  to  detect  based  on  a 
limited  sampling  program.  An  expanded  sampling  program  or 
other  approaches  based  on  community  processes  would  be  required 
to  determine  any  impact. 
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recommendations 


1.  Continued  detailed  stream  flow  measurements,  coupled 
with  chemical  sampling  programs,  rainfall  measurements,  and 
land  cover  measurements,  offer  the  best  and  most  direi.  -  methods 
of  documenting  the  impact  of  adoption  of  no-tillage  practices 
on  the  export  of  sediments,  nutrients,  and  pesticides.  Such 
studies  should  be  continued. 

2.  Biological  community  composition,  diversity,  and 
structure  within  this  watershed  should  be  determined 
periodically  and  compared  with  the  baseline  data  presented  in 
this  study  to  detect  any  long-term,  large  scale  response  to 
changing  agricultural  practices.  Future  assessments  should 
also  include  an  evaluation  of  the  possible  impact  of  changing 
agricultural  practices  upon  community  processes.  Bioassays  of 
community  components  might  provide  a  sensitive  technique  for 
the  monitoring  of  subtle  community  responses  to  potential 
stream  inputs. 

3.  Potential  impacts  associated  with  large-scale 
implementation  of  no-tillage  agriculture  within  low  order 
stream  systems  such  as  the  upper  Honey  Creek  Watershed  should 
be  evaluated  as  to  the  cumulative  effects  upon  the  entire 
drainage  basin.  Extensive  biological,  physical,  and  chemical 
studies  would  be  needed  to  determine  potential  impact  upon  the 
aquatic  community  processes.  These  should  include  net 
community  productivity,  nutrient  assimilation,  and  nutrient 
spiralling. 

4.  Because  of  the  large  variation  of  substrate  grain 


sizes  in  a  stream  reach  Over  space  and  time,  it  would  be 
difficult  if  not  impossible  to  detect  changes  in  grain  size 
distributions  which  result  from  changes  in  agricultural 
management  practices.  Thus,  efforts  to  assess  substrate 
rhanqes  effected  by  conversion  from  conventional  tillage  to 
no-tillage  and  minimum  tillage  systems  would  probably  not  be 
successful  on  the  basis  of  grain  size  analyses.  Methods  which 
measure  changes  in  substrate  stability,  perhaps  using  sediment 
traps,  might  more  successfully  detect  these  changes. 

5.  Fecal  bacterial  levels  throughout  the  upper  Honey 
Creek  watershed  appear  to  indicate  that  a  significant  water 
quality  problem  exists.  A  short-term  bacteriological  sampling 
program  could  be  established  which  would  entail  sampling  at 
sufficiently  frequent  intervals  to  determine  whether  federal  or 
Ohio  bacteriological  water  quality  standards  are  exceeded. 
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